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ZHOG EHDG DSSHDUDQFHZDV LPSURYHG%XWZLWK LQFUHDVH LQ7L2 FRQWHQW LQ WKH IOX[ WKH EHDG DSSHDUDQFH EHFDPH
UDWKHUSRRU:LWKWKHDGGLWLRQRI&U2 LQWKHIOX[VXUIDFHILQLVKREWDLQHGZDVEHWZHHQWKHUHVXOWRI6L2 DQG7L2
 %HDG SURILOH
$IWHU WKH FRPSOHWLRQ RI ZHOGLQJ VSHFLPHQV ZHUH FXW DFURVV WKH ZHOGPHQW WR REVHUYH WKH ZHOG SURILOH
6SHFLPHQV ZHUH SROLVKHG XVLQJ GLIIHUHQW JUDGHV RI HPHU\ SDSHUV ZLWK LQFUHDVHLQ ILQHQHVVLQ VHTXHQFHDQG XVLQJ
DOXPLQD DQG GLDPRQG SDVWHVLQ VXFFHVVLRQ DQG WKHQ HWFKHG ZLWK D PL[WXUH RI +12 DQG +)
7KH PDFURVWUXFWXUHV ZHUH UHFRUGHG XVLQJ D VWHUHR ]RRP PLFURVFRSH ILWWHG ZLWK LPDJH FDSWXULQJ IDFLOLW\
'HSWKRI SHQHWUDWLRQ DQGEHDGZLGWKZHUHPHDVXUHG XVLQJ ,PDJH - VRIWZDUH  0DFURVWUXFWXUHVRIZHOGPHQWV
REWDLQHG ZLWK GLIIHUHQW FRPELQDWLRQV RI  IOX[HV LQ  WKHLU VWDQGDUG RUGHU DUH VKRZQ LQ )LJ  'HSWK RI
SHQHWUDWLRQEHDGZLGWKDQGDVSHFWUDWLRRIWKHZHOGEHDGREWDLQHGDUHWDEXODWHGLQ7DEOH
 +HDW DIIHFWHG ]RQH
7KH KHDW DIIHFWHG ]RQHV +$= FORVH WR WKH IDFH RI WKH ZHOG EHDGV DUH PRUH RU OHVV RI VDPH ZLGWK LQ DOO WKH
FDVHV DV WKH ZLGWK RI WKH SODWH XVHG LQ DOO WKH WULDOV DUH VDPH 6LQFH WKH KHDW IORZ LQ WKH WKLFNQHVV GLUHFWLRQ LV
UHVWULFWHG E\ WKH VPDOOWKLFNQHVV RI WKH SODWH LQ DOO WKH FDVHV +$= ZLGWK LV LQFUHDVHGFRQVLGHUDEO\ DW WKH URRW RI WKH
ZHOG $V\PPHWULF EHDG VWUXFWXUHLV REVHUYHGLQ WKH PHOW UXQV SURGXFHG XVLQJ IOX[HV GHYRLG RI6L2
 ,QIOXHQFHRIIOX[HV RQEHDGJHRPHWU\
$VSHFW UDWLR RI D ZHOG EHDG LH WKH GHSWKWR ZLGWK UDWLR LV DQ LPSRUWDQW IDFWRU DV LW LQGLFDWHV WKH WROHUDQFH IRU
WKH GHYLDWLRQ LQ ZHOG ILW XS DQG HGJH SUHSDUDWLRQ :LGHU WKH EHDGV EHWWHU WKHWROHUDQFH *HQHUDOO\ IRU D JLYHQ KHDW
LQSXW ZLGHUWKH EHDG VKDOORZHU WKH GHSWK RI SHQHWUDWLRQDQG WKHUHIRUH PRUH QXPEHU RI SDVVHV DUH UHTXLUHG WR ZHOG
WKLFN SODWHV ZKLFK LQ WXUQ FDQ DIIHFW SURGXFWLYLW\ $Q\ HIIHFW WKDW FDQ LPSURYH WKH GHSWK RI SHQHWUDWLRQ ZLWKRXW
UHGXFWLRQ LQ EHDG ZLGWK LV GHVLUDEOH DV LWFDQ LPSURYH WKH SURGXFWLYLW\ ZLWKRXW FRPSURPLVLQJ RQ WKHWROHUDQFH
IRU GHYLDWLRQ LQ HGJH SUHSDUDWLRQ
,QWKHSUHVHQWVWXG\RQZHOGLQJRIVWDLQOHVVVWHHOIRUWKHJLYHQKHDWLQSXWFRQYHQWLRQDO7,*SURGXFHGD
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ZHOGPHWDOKDYLQJPPEHDGZLGWKDQGPPGHSWKRISHQHWUDWLRQ
)RU ZHOG PHWDOV SURGXFHG ZLWK  6L2 7L2 RU &U2 WKH EHDG ZLGWK LV QHDUO\ WKH VDPH
+RZHYHUWKHUH LV D QRWLFHDEOH LQFUHDVH LQ GHSWK RI SHQHWUDWLRQ ZLWK WKH XVH RI VLQJOH FRPSRQHQW IOX[HV :LWK
WKH DGGLWLRQ RI 7L2 WR 6L2 VWDQGDUG RUGHU  ZLGWK LV UHGXFHG WR D JUHDWHU H[WHQW WKDQ ZLWKWKH DGGLWLRQ RI &U2
VWDQGDUG RUGHU DQG FRUUHVSRQGLQJLQFUHDVH LQ GHSWK RI SHQHWUDWLRQ FRXOG EH QRWLFHG
2Q DGGLWLRQ RI 6L2 WR &U2 DVSHFW UDWLR LV LQFUHDVHG ZLWK DVVRFLDWHG UHGXFWLRQ LQ EHDG ZLGWK VWDQGDUG
RUGHU  EXW VLPLODUHIIHFW LV QRW REVHUYHG ZLWK 7L2 DGGLWLRQ WR &U2 VWDQGDUG RUGHU  7KH LQIOXHQFH RI
7L2 RQEHDG ZLGWK ZLWKWKHDGGLWLRQRI6L2 VWDQGDUGRUGHUDQG&U2 VWDQGDUGRUGHULVQRWVLJQLILFDQW
KRZHYHUGHSWKRISHQHWUDWLRQ LQFUHDVHVZLWK6L2 DGGLWLRQDQGGHFUHDVHVZLWKDGGLWLRQRI&U27KHEHDGZLGWK
REWDLQHGZLWKDIOX[PL[WXUHKDYLQJDOOWKHWKUHHFRPSRQHQWVLQHTXDOSURSRUWLRQVWDQGDUGRUGHU LVVDPHDVWKDW
RI 6L2 DQG 7L2 6LPLODUO\ RWKHU WULDOV DOVR VKRZ WKDW WKHUH LV DQ LQWHUDFWLRQ HIIHFW DPRQJ WKH IOX[
FRQVWLWXHQWVLQGHFLGLQJWKHEHDGSURILOH
 0L[WXUH FRQWRXU SORW
0L[WXUH FRQWRXU SORW IRU GHSWK RI SHQHWUDWLRQ JHQHUDWHG XVLQJ0LQLWDE VRIWZDUH LV VKRZQ LQ )LJ  7KH LVR
FRQWRXUOLQHV DQG WKH UHJLRQV FRQILQHG E\ WKHP LQGLFDWH WKH FRPSRVLWLRQDO ILHOGV WKDWFDQ SURGXFH GLIIHUHQW UDQJH RI
GHSWK RI SHQHWUDWLRQ 7KHVH ILHOGFRYHUHG E\ WKH YDULRXV UHJLRQV LGHQWLILHG GLIIHUHQWFRORXUV LQ WKH PL[WXUH FRQWRXU
SORW ,Q WKH SORW FRPSRVLWLRQV RI IOX[ PL[WXUHV XVHG LQ WKH H[SHULPHQWV DUH LQGLFDWHG ZLWK EODFN GRWV 7KH
PD[LPXP SRVVLEOH GHSWK RI SHQHWUDWLRQFRXOG EH DFKLHYHG ZLWKRXWHYHQ XVLQJ &U2 DQG PDGH ULFK LQ HLWKHU 6L2 RU
7L2 +RZHYHU WKH SORW VKRZV WKDW WKH GHSWK RI SHQHWUDWLRQ  LV PLQLPXP IRU IOX[HV KDYLQJ QHDU HTXDO
SHUFHQWDJHV RI 6L2 DQG 7L2 6LPLODUO\ DOPRVW IRU HQWLUH UDQJH RI ELQDU\ FRPSRVLWLRQV RI &U2 DQG 7L2 WKH
DFKLHYDEOH GHSWK RI SHQHWUDWLRQ SUHGLFWHG WR EH SRRU )URP PL[WXUHFRQWRXU SORWLW FDQ EH VHHQ WKDW PD[LPXP GHSWK
RI SHQHWUDWLRQ FDQ EH DWWDLQHG E\ HPSOR\LQJ IOX[HV KDYLQJ  6L2 DQG WKH UHVW 7L2
)LJ 0L[WXUH FRQWRXU SORW VKRZLQJ GHSWK RI SHQHWUDWLRQ
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7DEOH%HDGSURILOHREWDLQHGZLWK GLIIHUHQWFRPSRVLWLRQRIIOX[HV
6WDQGDUG
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)LJ  6WDQGDUG2UGHUWR 0DFURVWUXFWXUHVRIZHOGPHQWVSURGXFHGE\GLIIHUHQWFRPSRVLWLRQRIIOX[HV(WFKDQWPL[WXUHRIQLWULFDFLG
DQGK\GURIOXRULFDFLG
&RQILUPDWLRQ 7HVW
$7,* ZHOGLQJ LV SHUIRUPHG XQGHU LGHQWLFDO FRQGLWLRQV RI WKH HDUOLHU WHVWV XVLQJ WKH IOX[ KDYLQJ WKH
RSWLPL]HG FRPSRVLWLRQ DQG WKH PDFURVWUXFWXUH RI WKLV ZHOGPHQW LV VKRZQ LQ )LJ  7KH EHDG SURILOH GDWD RI WKLV
ZHOGPHQW DUH WDEXODWHG LQ7DEOH
2SWLPL]HG PXOWLFRPSRQHQW IOX[ 6L27L2  &U2 LV H[SHFWHG WR JLYH  PP
SHQHWUDWLRQ ZKHUHDV WKH UHVXOWHG GHSWK RI SHQHWUDWLRQ LV RQO\  PP +RZHYHU WKH GLIIHUHQFH EHWZHHQ WKH
H[SHFWHGDQG UHVXOWHG YDOXHV LV  ZKLFK LV ZHOO ZLWKLQ WKH SUHGLFWLRQ DFFXUDF\ RI  ZKHUH PD[LPXP HUURU
DOORZHG LV 
7DEOH  :HOG EHDG SURILOH REWDLQHG ZLWK RSWLPXP FRPSRVLWLRQ RI IOX[
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)LJ  0DFURVWUXFWXUH RI ZHOGPHQW SURGXFHG XVLQJ WKH IOX[ KDYLQJRSWLPL]HG FRPSRVLWLRQ
&RQFOXVLRQ
x 7KH $7,* SURFHVV LV FDSDEOH RI LQFUHDVLQJWKH SURGXFWLYLW\ DQG TXDOLW\ RIFRQYHQWLRQDO 7,* ZHOGLQJ LQ
D VLPSOH DQG UHSURGXFLEOH PDQQHUZKLFK ZLOO KDYH SUDFWLFDOLQGXVWULDO XVH
x 7KH UHVXOWV RI WKLV ZRUN VKRZ WKDW WKH XVH RI D IOX[FDQ JUHDWO\ LQFUHDVH WKH GHSWK RI SHQHWUDWLRQ LQ 7,*
ZHOGLQJ LQ WKH SUHVHQW LQYHVWLJDWLRQ QHDUO\  LQFUHDVHLQ GHSWK RI SHQHWUDWLRQ KDV EHHQ REVHUYHG
x 6WXG\ RQ WKH HIIHFW RI PXOWLFRPSRQHQW IOX[HV RQ $7,* ZHOGLQJ UHYHDOV WKDW 6L2 IOX[ LV KDYLQJ
PD[LPXP LQIOXHQFH LQLPSURYLQJ GHSWK RI SHQHWUDWLRQ WKRXJKWKHHIIHFWRIWKHIOX[KDYLQJ 6L2 RQ
GHSWKRISHQHWUDWLRQ LV QRW YHU\ VLJQLILFDQW
5HIHUHQFHV
6K\X6: +XDQJ +< 7VHQJ .+ DQG &KRX &3  6WXG\ RI WKH 3HUIRUPDQFH RI 6WDLQOHVV 6WHHO $7,* :HOGV -0(3(*
$60 ,QWHUQDWLRQDO  
*XUHYLFK 60 =DPNRY 91 .XVKQLUHQNR1$ ,PSURYLQJ WKH SHQHWUDWLRQ RI WLWDQLXP DOOR\V ZKHQ WKH\ DUH ZHOGHG E\ DUJRQ WXQJVWHQ
DUF SURFHVV $YWRPDWLFKHVND\D6YDUND  ±
0 9DVXGHYDQ 3HQHWUDWLRQ (QKDQFLQJ $FWLYDWHG )OX[ IRU 7,* :HOGLQJ RI 6WDLQOHVV6WHHOV 7(&+12/2*< 
5XL+XD =+$1* -L/XDQ 3$1 DQG 6HLML .DWD\DPD  7KH PHFKDQLVP RI SHQHWUDWLRQ LQFUHDVH LQ $7,* ZHOGLQJ )URQW 0DWHU 6FL
 ±
.XDQJ+XQJ 7VHQJDQG &KLK<X +VX 3HUIRUPDQFH RI DFWLYDWHG 7,* SURFHVV LQ DXVWHQLWLF VWDLQOHVV VWHHO ZHOGV -RXUQDO RI 0DWHULDOV
3URFHVVLQJ 7HFKQRORJ\ ±
/, 4LQJPLQJ :$1* ;LQKRQJ =28 =HQJGD :8 -XQ(IIHFW RIDFWLYDWLQJ IOX[ RQ DUF VKDSH DQG DUF YROWDJH LQ WXQJVWHQ LQHUW JDV
ZHOGLQJ 7UDQV 1RQIHUURXV 0HW 6RF &KLQD  
<XVKFKHQNR .$ .RYDOHQNR'9 .RYDOHQNR ,9  3HFXOLDULWLHV RI $7,* ZHOGLQJ RI VWDLQOHVV VWHHO WK ,QWHUQDWLRQDO &RQIHUHQFH RQ
WUHQGV LQ :HOGLQJ 5HVHDUFK 0D\ *HRUJLD86$
